ported 'appeared overnight, like a case of hives'.
At this time, 1 of the lesions was removed and submitted to this laboratory for histopathologic examination. The lesion consisted of dermal infiltration of round lymphoblastic cells with large vesicular nuclei and scant, pale-staining cytoplasm, and was diagnosed as a lymphoblastoma.
The dog was obtained June 2, 1965, about 6 weeks after initial discovery of the cutaneous lesion, for observation and study. During the period of observation, samples of blood and serum were collected for complete hemograms and the distribution of serum proteins was analyzed by means of paper* and cellulose acetate** electrophoretic systems. Records of the electrophoretograms were made with a recording densitometer*** using suitable filters and cams.
The dog was killed by intravenous injection of pentobarbital sodium and necropsied. Tissues were fixed in 10% neutral buffered formalin, embedded in paraffin, and sectioned. Sections, 5 microns thick, were stained with hematoxylin and eosin (H&E), 0.1 % toluidine blue, Weigert's reticulum, and Unna-Pappenheim methyl green-pyronine stains.
Results
At the time of initial examination in our laboratory the dog had innumerable tumors in the skin and subcutis over the entire body, ranging from 2 to 75 mm in diameter. A few larger nodules had infiltrated the subcutis and musculature and were firmly attached to these tissues; however, the majority of developing tumors were small, limited to the dermis, and moved freely with the skin. Involvement of regional lymph nodes W9S not evident at this time, but the general nutritional state of the dog was beginning to deteriorate.
The surface of many of the cutaneous lesions was dry and crusted. There was no indication of pain on palpation of the nodules, but as the disease progressed, some of the nodules became traumatized and ulcerated. Radiographic examination of the thoracic and abdominal cavities did not reveal evidence of internal lesion.
Several of the cutaneous lesions were biopsied and found to be histologically similar to the original accession. The tumors were composed of lymphoblasts and lymphocytes with numerous mitotic figures and some plasmacytoid cells and eosinophils interspersed throughout.
During the next 16 days, hemograms and electrophoretic analysis of the serum proteins were performed frequently. The hemoglobin was initially within the normal range, but decreased toward the end of this period, and the packed cell volume was slightly lower than normal. There was a slight to moderate leukocytosis throughout this period with a distinct increase in the granulocytic series; band forms were few.
Each examination during the period of observation revealed a few circulating lymphoblasts and prolymphocytes. Early there was a pronounced eosinophilia * Spinco Model R. Durrum type paper electrophoretic system ** Gelman Sepraphore III electrophoretic system *** Spinco Model RB Analytrol How ARD/NIELSEN/KENYON (31 %) which subsided to a moderately elevated level (10 to 15%) that remained stable. Immature forms of eosinophils were occasionally observed in the smears.
There was a persistent hypergammaglobulinemia and elevation of beta-globulin above the upper limits of normal-s-28. The gamma-globulins ranged from 26 to 31 %, and the beta-globulins from 10 to 16% of the total serum proteins. The distribution of the increased gamma-globulins was very heterogeneous.
The general condition of the dog deteriorated, and euthanasia and necropsy were performed June 20, 1965. Grossly, hundreds of cutaneous nodules were apparent, ranging from 0.2 to 10.0 em in diameter. There were several firm circumscribed nodules up to 2.0 em in the lungs and slight enlargement of the anterior mediastinal nodes. The cutaneous nodules involved the dermis and elevated the epidermis with invasion of the subcutis (Fig. 1 ).
Focal aggregates of lymphocytes and lymphoblasts occurred in the superficial dermis (Fig. 2, 3) , with disruption and destruction of the callagenous bundles. Lymphocytic infiltrates also occurred adjacent to hair follicles and adnexal glands. Neoplastic cells did not abut the basal epithelium ( Fig. 3 ) as in canine histiocytomas.
Histologically, the cutaneous tumors were composed of masses of large lymphoblasts and lymphocytes with aggregates of eosinophils and occasional plasma cells, especially near the periphery of the lesions. The lymphoblasts had vesicular nuclei and moderate cytoplasmic volume; the small lymphocytes had more dense nuclei and very minimal cytoplasm ( Fig. 4 ). There were many mitotic lymphoblasts, and the infiltration of eosinophils was marked in some areas of the cutaneous lesions. The larger lesions contained areas of ischemic necrosis.
In the larger lesions, proliferating lymphoid elements disrupted the deeper dermis and subcutis with encroachment on the underlying skeletal muscle. However, the majority of the lesions were small and limited to the layers of the dermis, without involvement of either the epithelium or the subcutis. The epithelium overlying the tumors was thinned but its basal layer appeared to be active and keratinization was normal. It was eroded over some of the larger nodules due to their expansion and traumatization.
The pulmonary lesions were composed of densely packed lymphoblasts forming solid nodules, which compressed the adjacent parenchyma. In areas of more recent proliferation or metastasis, the neoplastic cells filled the alveoli diffusely ( Fig. 5 ).
An endothelial proliferation of mononuclear cells such as may be seen in viral induced avian lymphoid leukosis * occurred in some branches of the pulmonary artery (Fig. 6 ). There were lymphoblastic emboli in some of the small vessels * HELMBoLDT, C.F., Personal communication Fig. 1 . Portion of a cutaneous tumor with hemorrhage in the subcutis. It is an expansive lesion that appears to arise in the dermis, elevate the epidermis, and invade the subcutis. H&E. Fig. 2 . Cellular neoplasm infiltrating dermis and disrupting and replacing its component parts; there is destruction of collagen. The epidermis is intact and the immediately underlying dermis is relatively spared. H&E. 1 2 adjacent to the pulmonary artery. There was hyaline degeneration in the wall of the small arteries and arterioles in the spleen. The visceral organs or lymph nodes did not contain any metastasis. The sinusoids of the liver were distended, however, by edema and congestion, and a few lymphoblasts were in the sinusoids. The Kupffer cells appeared to be hypertrophied.
Within the kidneys there were small interstitial foci of lymphocytes and plasma cells. In addition, most of the renal corpuscles had considerably thickened Bowman's capsules, adhesions of the glomerulus to the capsule, and PAS-positive proteinaceous deposits in the mesangium (Fig. 7) . There was some interstitial fibrosis.
The aorta had a moderate amount of intimal proliferation and fragmentation of the elastic fibers of the media. Where the intima was involved, duplication of the internal elastic membrane was extensive.
The anterior mediastinal lymph nodes were slightly enlarged and edematous. Their architecture was altered by hyperplasia of the lymphoproliferative centers; there were numerous eosinophils in the medulla. Other lymph nodes were normal.
Discussion
Primary cutaneous lymphomatosis similar to that in man, cow, and chicken is a rare condition in the dog. None of the epizootiologic surveys of lymphomatosis in dogs that we reviewed described this entity.
Our case is interpreted as one of primary cutaneous lymphomatosis. The tumor in all sites is compatible with a malignant lymphoid neoplasm, and the clinical history and pathologic examination suggest that the initial lesion involved the skin. The subsequent rapid development of multiple cutaneous tumors and finding of multiple pulmonary tumors at necropsy support the interpretation of malignancy, although whether the multiple nodules represent metastases or new primaries cannot be established. The limitation of the neoplasm to the skin and lungs is compatible with our interpretation and evidence that the tumor is initially behaviorally dissimilar to the usual malignant lymphoid tumors primary in lymph nodes. Admittedly, the cutaneous tumors do not impinge on the intact epidermis and the larger lesions do occasionally involve subcutaneous tissues, including both the adipose tissue of the subcutis and even deeper skeletal musculature. These are not contradictory to our interpretation, since the majority of the tumors were limited to the dermis. The latter feature is common in canine cutaneous histiocytoma, clearly a primary tumor of the skin. In our view this tumor developed initially in the dermis and spread to involve the subcutis and other tissues.
The viral association of avian leukosis and of murine leukemia are well established. Virus-like particles have been found in leukotic cattle, dog, and cat, and may playa role in the pathogenesis of lymphomatosis in these species. Due to the similarities of our case of malignant lymphoid neoplasm in appearance, distribution of lesion, and biologic activity to cutaneous leukosis of the avian and bovine species we consider it possible that it may have been induced by a virus.
The eosinophilia and hypergammaglobulinemia in this case could be indicative of a hyperimmune or hypersensitivity state, occurring with a virus-induced neoplasm, or due to presence of antigens within the neoplastic cells. It has been shown that antigen-containing cells have an eosinotactic actionw, and the cutaneous tumors in this case were infiltrated with eosinophils and plasma cells. The tumor-specific antigens described in various neoplasms have not been fully characterized. They may be either protein or glycoprotein in natures, indicating either the presence of a foreign protein within the tumorous cells or a genetic mutation within the cells, resulting in the production of a new antigenic protein or poylsaccharide. Eosinophils have also been said to playa significant role in the antibody-producing mechanism following antigenic stimulationw, although this theory is not universally accepted.
In man dysgammaglobulinemia has been related to the progression of lymphocytic leukemia», One report indicated that 75% of patients with chronic lymphocytic leukemia had a decrease in gamma-globulin, which immunoelectrophoresis revealed had varying proportions of different imrnunoglobulinss-, The dysgammaglobulinemia mayor may not be related to a blockage of maturation of Iymphocyres!t. A more recent report of lymphomatosis in man describes a paraproteinemia, with elevation of gamma-globulin 19 • A significant hypergammaglobulinemia is associated with avian Iymphomatosis-". In addition, the sera from several other dogs and cats with systemic lymphomatosis had increases in gammaglobulin, and others have had increases in alpha-globulins, possibly reflecting tissue necrosis*. BXCKGREN 4 has also found serum gamma-globulin to be elevated in advanced canine lymphoma. Similarly, the serum protein in cattle with lymphatic leukosis was found to be significantly altered, with an increase of gamma and beta globulins in 50% of the animals studiedt": eosinophilia was reported in cattle with early lymphatic Ieukosisw.
It is not known if the hypergammaglobulinemia and eosinophilia in our case actually represent a hypersensitive state in response to a viral infection. However, because of the heterogeneous electrophoretic character of the increased gammaglobulins, it is considered possible.
Since the lymphocyte has the ability to produce immunoglobulins'', especially 7 S gamma-globulins, the neoplastic lymphoid cells in this dog may have had the ability to produce the elevated globulin components. The possibility has not been ruled out that the lymphoproliferative condition with the concurrent alteration in immunoglobulin may reflect some aspects of a 'graft versus host' response such as has been postulated in the pathogenesis and secondary effects of certain lymphoid diseases of man? In addition, many of the renal glomerular lesions * HOWARD, E.B.; Unreported data Fig. 7 . A renal corpuscle with alterations typical of those in the kidney of this dog.
Protein is deposited in the walls of the capillaries. Periodic acid-Schiff reaction, x 900. appeared similar to those observed in certain auto-immune phenomena, or immunoproliferative diseases of man and animals.
Summary
A 9-year-old boxer dog had rapidly progressive cutaneous lymphomatosis. There were pulmonary metastases, marked peripheral eosinophilia, eosinophilic infiltration of the cutaneous lesions, and a moderate heterogeneous elevation of the serum immunoglobulins, especially those with gamma mobility. The disease had similarities to viral-induced cutaneous leukosis of chickens and cattle.
Zusammenfassung
Ein 9 Jahre alter Boxer zeigte eine rapide fortschreitende kutane Lymphomatose, Lungenmetastasen, eine starke periphere Eosinophilie, eosinophile Infiltrationen der Hautveriinderungen und eine massige heterogene Erhohung der Serum Immunglobuline -besonders der Gammaglobuline -waren vorhanden. Die Erkrankung wies Ahnlichkeiten mit virus-induziertcn kutanen Leukosen der Hubner und Rinder auf.
